
35- 



10/551245 

JC12Rec'dPCT/PT: 28 SEP 2005 



wo 2004/088179 



PCT/DE2004/000150 



1 



Piston ring 



Description 



The present invention concerns a piston ring featuring: a groove forming a piston-ring gap, a friction 
surface, and an inner circumferential surface, said surfaces connected by upper and lower plane surfaces, 
the whole configured in such a way that the inner circumferential surface shows a non-constant variation 
in its cross-section which, when viewed along the circumference, is more pronounced in the area near the 
piston-ring gap than in the area diametrically opposite the gap. DE-C 39 20 449 shows a self-tightening, 
air-tight piston ring, the upper plane surface of which, in the installed position, is in contact with the 
piston's grooved plane surface from the mid-point of the latter's radius to its center. The piston ring's 
lower plane surface is sloped, relative to the piston's grooved surface, such that the latter, from the mid- 
point of its radius to its center, is likewise in contact with the piston ring. The cross-section of the inner 
circumferential surface shows a variation in the form of a bevel. 

USA 2,591 ,920 shows a piston ring which is equipped with a variable configuration in its cross-section 
cut in the area of its inner circumferential surface. 

A piston ring for internal combustion engines, which possesses varying wall thicknesses seen across its 
circumference, has become known through JP-A 09196171. 

Piston rings available on today's market often plan for a twisting of the piston ring by maintaining a 
consistent angle across the cross-section cut (for example, the internal angle or bevel). This consistent 
cross-section working under the bending tension of installation causes an uneven twisting in the ring in 
accordance with piston ring design theory, regardless of the circumference. 

This invention is based on the task of building and developing a generic piston ring that remains in 
contact with its friction surface on the cylinder wall, and with the internal surface on the lower groove 
center, without gas pressurization across the entire operational phase, and concurrently contributing to 
better oil consumption and control. 

This assignment is accomplished by the piston ring having a wall thickness varying the circumferential 
surface, where the area of the joint has a lesser wall thickness as compared to the area diametrically 
opposed to the joint, where the 
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relationship of wall thickness to circumferential surface is consistently so formed that the piston ring, 
viewed across its surface, exhibits a constant angle of twist. 

Supplemental additional drawings on the points of this invention are available under the subordinate 

claims. 

Given changes or superimposing of the piston ring wall thickness and non-constant cross-section cut, a 
twisting of the piston ring can be induced, which, when viewed across the surface of the piston ring, 
brings about a constant angle of twist. With the subject of this invention it is now possible that the piston 
ring can be in contact solely with the edge of the friction surface on the cylinder wall, and with the inner 
edge in the lower groove edge. Varying twist angles, remaining consistent across the surface, can be 
induced using this type of wall thickness modification, with the previously mentioned cross-section cut. 
Using a non-constant varying cross-section cut across the surface of the piston ring, the surface moment 
of inertia can be varied across the surface of the ring in such a way that a consistent twisting of the ring is 
produced across the surface. 

The cross-section cut can be induced across an inner edge or internal angle, where these can occur in the 
area of either the upper surface or the lower surface. 

The following formula should indicate the relation between wall thickness and cross-section cut relative 

to the surface of the piston ring and constant twist angle: 

[mathematical formula illegible] 

(p = Mt/*2I(cp) 

where 

<p is the twist angle 

Mt is the bending load 

G is the Slide module 

I is the polar surface moment of inertia. 
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The subject of this invention is represented in the drawing examples in the diagrams and can be described 
as follows. These are shown: 

Figure 1 Piston Ring with non-constant cross-section cut 

Figure 2 to 4 Various cross-sections of the piston ring in accordance with Figure 1 

Figure 5 Piston ring compared to state of the art for like wall thicknesses and 

consistent cross-section cut 
Figure 6 Instructions on the angle of twist in accordance with the current state 

of the art (Figure 5) as well as the invention characteristics of the 
piston ring in accordance with Figure 1 . 
Figure 1 depicts a piston ring 1, which can be installed into the first or second groove of a piston (not 
represented). Piston ring 1 is depicted in top view, so that only friction surface 2, the inner surface 3, as 
well as the upper flank 4 are recognizable. In the piston ring gap 5 the piston ring 1 exhibits a 
predeterminable wall thickness. The wall thickness of the piston ring 1 varies, based on the gap 5 in the 
direction of the surface diametrically opposite 6 (180°) comprising the rear of the ring. At the rear of the 
ring 6, a wall thickness is given, which is thicker than the opposite side by the ring gap material cross- 
section. Figure 1 depicts the area near the upper flank 4 with a cross-section cut 7 in the inner surface 3 
in the form of a bevel. This bevel 7 begins with an equally large cross-section at the gap 5 and is reduced 
to the rear ring 6 equally in both directions of the surface. By means of this procedure the piston ring 1 
maintains a constant twist angle, that is remaining consistent, over the surface. 

Figures 2 through 4 depict various cross-sections of the piston ring 1 in accordance with Figure 1 , starting 
at ring gap 5 (0°). Figure 2 depicts a cut in the area near ring gap 5, at approximately 10°. Figure 3 shows 
a cut through the ring 1 at approximately 90°. Figure 4 shows a cut through Ring 1 at approximately 180° 
(back of ring 6). 
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The cuts in accordance with Figure 2 through Figure 4 depict the friction surface 2, the inner surface 
circumference 3, and the cross-section cut 7 shown as a bevel, which comes in via the inner friction 
surface 3 into the upper flank 4. The cuts depict that the bevel 7 reaches its greatest extension at ring gap 
5 (Figure 1) and becomes lessened in the direction of the back of the ring 6. 

In this manner various angles between the upper flank 4 and the inner surface 3 are formed, as viewed 
from the surface. 

In Figures 1 through 4 cross-section cut 7 in the form of bevels are addressed. These same items, 
however, can be formed equally well by angular cross-sections in non-constant execution. 
Figure 5 shows a piston ring 8 at the state of the art, and actually in a twisted, that is 'installed' condition. 
The piston ring 8 is comprised of a consistent wall thickness throughout, and is equipped with an inner 
bevel 9 that is foreseen as a cross-section cut on the surface. 

The image according to Figure 6 shows that piston ring 8, starting from the ring gap (0^), takes on varying 
twist angles moving back to the rear of the ring. The constant cross-section cut has the effect across the 
surface of an uneven twisting of the piston ring 8, on the basis of piston ring theory, where the radial wall 
thickness remains constant under the bending tension of installation for ring 8. For piston ring 8 what 
should be achieved is that the ring will remain at the same twist angle, under all conditions, without gas 
pressure load, with only the friction surface on the cylinder wall and with the inner edge only on the lower 
groove, which however - as shown especially in Figure 6 - cannot be produced in an optimal manner, due 
to an uneven twisting in the surface direction. 

It is only with piston ring 1, as represented in Figures 1 through 4, that a relativization of the twist angle, 
seen through the surface, can be produced, so that now in all running phases of ring 1, without gas 
pressure load, that the desired effect can be achieved with better oil usage control. 



